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Specifi cation 



Title of the Invention 

Ingredient Cooking-operation Recognition System and 
Computer-readable Recording Medium which is Recorded with 
Ingredient Cooking-operation Recognition Program 

Technical Field 

The present invention relates to an art of 
an ingredient and a cooking operation for the 
using observation data. 

Background Art 

Non-patent Document 1 discloses a technique of : storing, 
based on an image which is obtained from an optical camera, 
the feature quantity of an ingredient as a knowledge template; 
calculating a certainty factor which indicates the certainty 
of the ingredient in the image, using this knowledge template; 
and recognizing the ingredient and a cooking operation which 
is included in the image. 

Non-patent Document 1: "The detection of an object in a dish 
image based on a constraint from text information (no. 2C1-02, 
June, 2003) ", from the papers in the 17th Annual Conference 
of the Japanese Society for Artificial Intelligence. 
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Disclosure of the Invention 

However, the art described in Non-patent Document 1 
has a disadvantage in that a great certainty factor is unable 
to be obtained, so that an ingredient and a cooking operation 
cannot be precisely recognized. 

It is an object of the present invention to provide 
an ingredient cooking-operation recognition system and a 
computer- readable recording medium which is recorded with 
an ingredient cooking-operation recognition program which 
are capable of precisely recognizing an ingredient that is 
cooked by a person and a cooking operation for the ingredient. 

The ingredient cooking-operation recognition system 
according to the present invention, characterized by 
including: a sensing means for acquiring observation data 
which includes at least either of an image around the hands 
of a person who performs a cooking operation and an environment 
sound that is produced by the cooking operation; a 
feature-quantity template in which various cooking operations 
that are predetermined for various ingredient s are stored 
in a table form, together with a template certainty factor 
that is a certainty factor which is predetermined for each 
cooking operation of the ingredients; a cooking-flow creating 
means for, based on the observation data which is acquired 
by the sensing means, calculating an observation certainty 
factor which indicates the certainty factor of at least either 



2 



P1589 

For Preliminary amendment 

of an ingredient that is cooked by the person and the cooking 
operation of the ingredient, and based on this observation 
certainty factor, creating a cooking flow for a dish which 
is prepared by the person; a primary certainty- fact or 
calculating means for, based on the template certainty factor 
and the observation certainty factor, calculating a primary 
certainty factor which is a certainty factor for each of 
objects that make up the cooking flow which is created by 
the cooking-flow creating means; and a cooking-operation 
recognizing means for calculating a final certainty factor 
based on the primary certainty factor which is calculated 
by the primary ce rt aint y- f act or calculating means, updating 
the feature-quantity template by considering this final 
certainty factor as a new template certainty factor, and 
based on this feature-quantity template, recognizing the 
ingredient and the cooking operation that correspond to the 
observation data which is acquired by the sensing means. 

According to this configuration, based on an image 
around the hands of a person who performs a cooking operation 
and an environment sound which is produced by the cooking 
operation which i s acquired by the sensing means , an observation 
certainty factor is calculated of an ingredient which is 
cooked by the person and the cooking operation of this 
ingredient. Then, a cooking flow is created based on this 
observation certainty factor. Next, based on the template 
certainty factor and the observation certainty factor, a 
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primary certainty factor is calculated for each of the objects 
that make up the cooking flow. Then, a final certainty factor 
is calculated based on primary certainty factor. Thereby, 
the ingredient of an image which is acquired by the sensing 
means and its cooking operation are recognized. 

In short, a cooking operation and an ingredient are 
recognized based on the feature-quantity template in which 
the template certainty factor is stored. This makes it possible 
to precisely estimate an ingredient and a cooking operation. 

Brief Description of the Drawings 

Fig. 1A is a side view of the ingredient 
cooking-operation recognition system according to an 
embodiment of the present invention, showing its entire 
configuration. Fig. IB is a front view of the ingredient 
cooking-operation recognition system, showing its entire 
configuration. 

Fig. 2 is a block diagram, showing a function of the 
ingredient cooking-operation recognition system. 

Figs . 3A to 3D are each a table, showing a data structure 
of an ingredient table. 

Fig. 4 is a table, showing a data structure of a 
f eature -quant ity template . 

Fig. 5 is tables, showing data structures of a by-recipe 
feature-quantity template for a cooking recipe for baked 
apple and tomato, and a by-recipe feature-quantity template 
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for a cooking recipe for salad and daikon radish simmered 
in broth. 

Fig. 6 is a flow chart, showing a creation processing 
of the feature-quantity template. 

Fig. 7 is tables, showing a transition in the creation 
processing of the feature-quantity template. 

Fig. 8 is a flow chart, showing an operation of the 
ingredient cooking-operation recognition system. 

Fig. 9A is a diagram, showing a cooking flow of braised 
beef and potatoes which is stored in a cooking-flow database. 
Fig. 9B is a diagram, showing a cooking flow of hamburger 
steak which is stored in the cooking-flow database. 

Fig. 10A is a diagram, showing a cooking flow of beef 
curry which is stored in the cooking-flow database. Fig. 
10B is a diagram, showing a cooking flow of stir-fried 
vegetables which is stored in the cooking-flow database. 

Fig. 11A is. a diagram, showing flow matching and a 
cooking flow to be created. Fig. 11B is a diagram, showing 
flow matching and cooking flows which are stored in advance 
in the cooking-flow database. 

Fig. 12 is a graphical representation, showing the 
correlation between a node number of an observation flow 
and an edit distance. 

Fig. 13 is a flow chart, showing a processing for 
determining an ingredient and a cooking operation. 

Figs. 14A to 14E are photographs, showing that a 
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background region is removed. 

Figs. 15A to 15C are graphical representations, showing 
a change in the hue, saturation and region size of a green 
pepper as time elapses. 

Figs. 1 6A to 1 6C are graphical representations , showing 
a change in the hue, saturation and region size of a pumpkin 
as time elapses . 

Figs. 17A to 17D are graphical representations , showing 
histograms of the hue and saturation of an apple and a tomato 
before and after a cooking operation is executed. Fig. 17A 
is a graphical representation, showing a histogram of the 
hue before the cooking operation is executed. Fig. 17B is 
a graphical representation, showing a histogram of the 
saturation before the cooking operation is executed. Fig. 
17C is a graphical representation, showing a histogram of 
the hue after the cooking operation is executed. Fig. 17D 
is a graphical representation, showing a histogram of the 
saturation after the cooking operation is executed. 

Best Mode for Implementing the Invention 

Fig. 1A is a side view of the ingredient 
cooking-operation recognition system according to an 
embodiment of the present invention, showing its entire 
configuration. Fig. IB is a front view of the ingredient 
cooking-operation recognition system, showing its entire 
configuration. The ingredient cooking-operation recognition 
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system shown in Figs. 1A and IB includes: an optical camera 
10; a thermal camera 20; a microphone 30; a display unit 
40; a speaker 50; an RFID tag reader 60; and a data processing 
unit (not shown) . The optical camera 10 is formed by a 
publicly-known dynamic-image camera. It is placed above a 
cooking table so as to take a photograph around the hands 
of a person who performs a cooking operation on the cooking 
table. Thereby, it acquires an optical image which is a dynamic 
image . 

The thermal camera 20 is attached above a cooking table, 
takes a photograph around the hands of a person who performs 
a cooking operation and acquires a thermal image which is 
a dynamic image . 

The microphone 30 is located near the upper surface 
of a cooking table and acquires an environment sound that 
is made by cooking. The display unit 40 is formed by a 
liquid-crys tal panel, a plasma panel, a CRT, or the like. 
It displays various images for giving the person guidance 
about cooking recipes. The speaker 50 outputs various voices 
for giving the person guidance on cooking recipes. The RFID 
tag reader 60 reads, from an RFID tag which is attached to 
each ingredient, ingredient data which is stored in the RFID 
tag. Such ingredient data includes data that represents the 
name of an ingredient to which an RFID tag is attached. 

Fig. 2 is a block diagram, showing a function of this 
ingredient cooking-operation recognition system. This 
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ingredient cooking-operation recognition system includes 
a data processing section 100 and a sensing section 200. 
The data processing section 100 is formed by a CPU, a ROM, 
a RAM, a hard disk, or the like. It has the functions of: 
a recipe database 101; an extraction section 102; an ingredient 
database 103; a cooked-food database 104; a cooking-operation 
database 105; a feature-quantity template creation section 
106; a feature-quantity template storage section 107; a 
cooking-flow database 108; a by-recipe feature-quantity 
template storage section 109; a recognition processing section 
110; and a guidance section 111. 

The CPU executes an ingredient cooking-operation 
recognition program which is stored in the ROM, so that these 
functions can be realized. 

In the recipe database 101, cooking-recipe data is 
stored which represents cooking recipes for various dishes. 
This cooking-recipe data is text data, and it includes: data 
on an ingredient which indicates the name of an ingredient 
that is used for each dish; and data on a cooking operation 
which is given to each ingredient, such as cutting, boiling, 
roasting, and the like. 

The extraction section 102 extracts ingredients and 
cooking operations for those ingredients which are used in 
the whole cooking-recipe data that is stored in the recipe 
database 101. 

In the ingredient database 103, an ingredient table 
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Tl is stored as shown in Fig. 3A. In the cooked-food database 
104, a cooked-food table T2 is stored .as shown in Fig. 3B. 
In the cooking-operation database 105, a cooking-operation 
table T3 is stored as shown in Fig. 3C . 

The ingredient table Tl shown in Fig. 3A is made up 
of an ingredient record which includes a field for an 
ingredient's name, color, shape, size, or the like. In it, 
there is stored the color, shape, size or the like of each 
ingredient. In the ingredient-name field, data is stored 
which expresses the name of an ingredient. Data on the color 
of an ingredient is stored in the color field. Herein, there 
isstoreddataonthecolorof the internalpart of an ingredient, 
as well as data on the color of its external appearance. 
For example, if the rind of an apple is red and its interior 
is white, data is stored in the color field, like "Outside; 
red (A), [Inside; white] ". Herein, the symbol of (A) stands 
for a template certainty factor which is a predetermined 
certainty factor. In terms of a tomato, its skin is red and 
the inside is also red. Hence, in the color field, data is 
stored like "Outside; red (X), [Inside; red]". 

In the field of a shape, data is stored which expresses 
the external shape of an ingredient. Since an apple and a 
tomato are circular and a daikon radish is elliptic, data 
is stored in each shape field, like "circle" and "circle", 
and "ellipse". 

The cooked-food table T2 shown in Fig. 3B is made up 
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of a cooked-food record which includes a field for a cooking 
operation, a change in shape, color, or the like. In it, 
there are stored a change in the shape of an ingredient and 
a change in its color by each cooking operation. In the 
cooking-operation field, data is stored which expresses the 
name of a cooking operation. As the cooking operation, there 
is fine cutting, round slicing, quarter cutting, julienne 
cutting, peeling, broiling, braising, or the like. Herein, 
the cooking operations enumerated above is an example, and 
thus, another cooking operation may also be included . Besides, 
some of those cooking operations can also be omitted. 

In the shape-change field, data is stored which 
expresses the shape of an ingredient that is changed by its 
corresponding cooking operation. For example, in the case 
of mincing, an ingredient changes from a large size to a 
small size and from one piece to many pieces. Hence, "large 
-—►small, few— >many" is stored in the shape-change field of 
mincing. In the field of color, data is stored which stands 
for the color of an ingredient that changes through its 
corresponding cooking operation . For example, i f an ingredient 
is minced, its internal color appears as a whole . Thus , "outside 
-^inside" is stored in the color field of mincing. On the 
other hand, if an ingredient is cut into round slices, its 
external color and internal color both appear as the main 
color. Hence, "outside— ^outside +inside" is stored in the 
color field of round slicing. 
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The cooking-operation table T3 shown in Fig. 3C is 
made up of a cooking-operation record which includes a field 
for a cooking operation, a sound, a motion of a person's 
hands, or the like. In it, there are stored an environment 
sound, a hand motion and the like which are produced by each 
cooking operation. In the field of a cooking operation, data 
which indicates the name of a cooking operation is stored 
in the same way as the cooked-food table T2 . In the sound 
field, an environment sound is stored which is made by each 
cooking operation . 

The ingredient table Tl to the cooking-operation table' 
T3 are created beforehand, and the template certainty factor 
which is stored in each field is also predetermined. Herein, 
such a certainty factor is a numerical value which indicates 
the certainty of an ingredient and a cooking operation to 
be estimated. Hence, the higher the certainty factor becomes, 
the closer the estimated ingredient and cooking operation 
will come to the ingredient which is really cooked by a person 
and its cooking operation. 

In each table shown in Figs. 3A to 3C, the template 
certainty factor is expressed using a mark of ©, O, A, 
X . As shown in Fig. 3D: ® indicates thatthe template certainty 
factor is within a value range of 0.8 to 1.0; O indicates 
that the template certainty factor is within a value range 
of 0.5 to 0.8; A indicates that the template certainty factor 
is within a value range of 0.2 to 0.5; X indicates that the 
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template certainty factor is within a value range of 0.0 
to 0.2. 

The feature-quantity template creation section 106 
shown in Fig. 2 considers, as an item of each row, an ingredient 
which is extracted by the extraction section 102. Then, it 
creates a frame for a feature-quantity template which is 
a table where a cooking operation is an item of each line. 
Besides, the feature-quantity template creation section 106 
regards, as an item of each row, an ingredient which is extracted 
for every recipe by the extraction section 102 . Then, it 
creates a frame for a by-recipe feature-quantity template 
which is a table where a cooking operation is an item of 
each line . 

Furthermore, based on the template certainty factor 
which is stored in each field of the ingredient table Tl, 
the cooked-food table T2 and the cooking-operation table 
T3, the feature-quantity template creation section 106 writes 
a template certainty factor in each field of the 
feature-quantity template and the by-recipe feature-quantity 
template. Then, it allows' the feature-quantity template 
storage section 107 and the by-recipe feature-quantity 
template storage section 109 to store it. 

The feature-quantity template storage section 107 
stores the feature-quantity template which is created by 
the feature-quantity template creation section 106. In the 
cooking-flow database 108, a cooking flow is stored which 
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orderly indicates the cooking processes of cooking recipes 
for various dishes. Figs. 9A and 9B and Figs. 10A and 10B 
are each a diagram, showing a cooking flow which is stored 
in the cooking-flow database 108. Fig. 9A shows a cooking 
flow of braised beef and potatoes, and Fig. 9B shows a cooking 
flow of hamburger steak. Fig. 10A shows a cooking flow of 
beef curry, and Fig. 10B shows a cooking flow of stir-fried 
vegetables. In Figs. 9A and 9B and Figs. 10A and 10B, an 
ob j ect which is expressed by an ellipse stands for an ingredient , 
and an object which is expressed by a rectangle represents 
a cooking operation. The higher the position of an object 
becomes, the closer the object will get to the final process 
in a cooking process . Besides, an obj ect which has no character s 
in its ellipse means an ingredient which has undergone the 
cooking operation expressed in the object at the stage right 
below it. 

In the case of braised beef and potatoes shown in Fig. 
9A, beef is subjected to the cooking operation of "cut/peel". 
Thereafter, it undergoes the cooking operation of "fry/broil" . 
Then, together with onion which has been given the cooking 
operation of "cut/peel", • it is subjected to the cooking 
operation of "fry/broil". Afterward, the onion and beef which 
have been given the cooking operation of xx f ry /broil" undergo 
the cooking operation of w fry /broil" with potato which has 
been given the cooking operation of "cut/peel". Thereafter, 
they are subjected to the cooking operation of "braise/boil" . 
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Consequently, braised beef and potatoes which is the object 
is completed. 

The recognition processing section 110 executes a 
processing such as flow matching, based on observation data 
which is outputted from the sensing section 200. Thereby, 
it estimates a cooking recipe for a dish which is now prepared 
by a person. In addition, it recognizes an ingredient which 
is now cooked by the person and its cooking operation. Herein, 
flow matching is well known, and its details are disclosed 
in Publicly-known Document 1 (The Tree-to-Tree Correction 
Problem (KUO-CHUNG TAI ) : Journal of the Association for 
Computing Machinery, Vol 26. No 3, July 1979. pp 422-433). 

Herein, the recognition processing section 110 
corresponds to the cooking-flow creating means, the primary 
certainty- factor calculating means, the relevance-factor 
calculating means and the cooking-operation recognizing 
means . 

The guidance section 111 outputs voice data and image 
data which are stored in advance for a cooking recipe that 
is estimated by the recognition processing section 110, from 
the speaker 50 and the display unit 40, respectively. Thereby, 
it gives the person guidance on the cooking recipe. Herein, 
the guidance section 111 executes guidance about a cooking 
process which is presently cooked by a user. 

The sensing section 200 is formed by: the thermal camera 
20; the optical camera 10; the microphone 30; and the RFID 
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tag reader 60, which are shown in Fig. 1A or IB. It outputs, 
to the recognition processing section 110, as observation 
data: a thermal image which is photographed by the thermal 
camera 20; an optical image which is photographed by the 
optical camera 10; an environment sound that is acquired 
by the microphone 30; and ingredient data which is read by 
the RFID tag reader 60. 

Fig. 4 is a table, showing a data structure of a 
feature-quantity template T4 . The feature-quantity template 
T4 is made up of feature-quantity records which have the 
fields of an ingredient name, mincing, round slicing, quarter 
cutting, julienne cutting, peeling, broiling and braising. 
In the example of Fig . 4, cooking operations which are extracted 
by the extraction section 102 are an ingredient name, mincing, 
round slicing, quarter cutting, julienne cutting, peeling, 
broiling and braising. Thus, their fields are created in 
the feature-quantity template T4 . Therefore, if another 
cooking operation except these is extracted by the extraction 
section 102, the field of this cooking operation is included 
in the feature-quantity template T4 . Herein, a phrase which 
is described in each field of the feature-quantity template 
T4 is suitably shown for suggesting which data a template 
certainty factor has been determined from. In practice, only 
a template certainty factor is stored, and data on the phrases 
shown in the table is not stored. 

In the ingredient-name field, there is stored the name 
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of an ingredient which is extracted by the extraction section 
102. Herein, the processing of creating the feature-quantity 
template T4 will be described later. 

Fig. 5 is tables, showing data structures of a by-recipe 
feature-quantity template T5 for a cooking recipe for baked 
apple and tomato, and a by-recipe feature-quantity template 
T6 for a cooking recipe for salad and daikon radish simmered 
in broth. The by-recipe feature-quantity template T5 includes 
the fields of an ingredient name, cutting, peeling, broiling 
and braising. The cutting, peeling, broiling and braising 
are cooking operations which are included in the 
feature-quantity template T4 . They are cooking operations 
which are included in the cooking recipe for baked apple 
and tomato. 

The by-recipe feature-quantity template T6 includes 
the fields of an ingredient name, cutting, peeling, broiling 
and braising. The cutting, peeling, broiling and braising 
are cooking operations which are included in the 
feature-quantity template T4 . They are cooking operations 
for salad and daikon radish simmered in broth. 

Next, a creation processing for a feature-quantity 
template will be described, using the flow chart shown in 
Fig. 6 and the transition of the tables shown in Fig. 7. 
First, in a step SI, the extraction section 102 extracts 
all cooking operations and all ingredients which are included 
in all of the cooking recipes that are stored in the recipe 
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database 101 . 

In a step S2, the feature-quantity template creation 
section 106 creates a frame for a feature-quantity template 
which is a table that has, as items, the ingredients and 
cooking operations which have been extracted at the step 
SI. In the case of the feature-quantity template T4 in Fig. 
7, mincing, r ound s 1 i cing , quarter cutting, j ulienne cutting , 
peeling, broiling and braising are included as the 
cooking-operation data in the recipe database 101. Hence, 
these cooking operations are items in each row. Besides, 
an apple, a tomato, a giant white radish and the like are 
included as the ingredients, an thus, these ingredient names 
are items in each lin. 

In a step S3, according to the template certainty factor 
which is stored in each field of the ingredient table Tl, 
the cooked-food table T2 and the cooking-operation table 
T3, the feature-quantity template creation section 106 writes 
a template certainty factor in each field of the 
feature-quantity template T4 . 

Specifically, a template certainty factor is written 
in the following way. In the feature-quantity template T4 
shown in Fig. 7, a field FI1 of the round slicing for an 
apple is described as an example. The ingredient name which 
corresponds to the field FI1 is an apple , and thus , an ingredient 
record Rl where an apple is stored is extracted from the 
ingredient table Tl . In addition, the cooking operation which 
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corresponds to the field FI1 is round slicing, and thus, 
a cooked-food record R2 and a cooking-operation record R3 
where round slicing is stored are extracted from the cooked-food 
table T2 and the cooking-operation table T3, respectively. 

Among the template certainty factors which are stored 
in the fields that make up the ingredient record Rl, the 
greatest template certainty factor is "A". Besides, among 
the template certainty factors which are stored in the fields 
that make up the cooked-food record R2 , the greatest template 
certainty factor is " O " . In addition, among the template 
certainty factors which are stored in the fields that make 
up the cooking-operation record R3, the greatest template 
certainty factor is " A " . Accordingly, among the template 
certainty factors which are stored in the fields of the 
ingredient record Rl, the cooked-food record R2 and the 
cooking-operation record R3, the greatest template certainty 
factor is xx O" . Therefore, the template certainty factor of 
"O" iswritteninthe fieldFIl ofthe f eatur e- quant it y template 
T4 . 

In this way, a template certainty factor is written 
in each field of the feature-quantity template T4, so that 
the feature-quantity template T4 is created. The created 
feature-quantity template T4 is stored in the feature-quantity 
template storage section 107. Herein, a by-recipe 
feature-quantity template is created in the same way. 

Next, an operation of this ingredient cooking-operation 
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recognition system will be described according to the flow 
chart shown in Fig. 8. First, in a step Sll, the sensing 
section 200 acquires observation data and transmits it to 
the data processing section 100. In a step S12, the recognition 
processing section 110 executes a processing for determining 
an ingredient and a cooking operation, based on a thermal 
image which is photographed by the thermal camera 20, an 
optical image which is photographed by the optical camera 
10 and an environment sound which is acquired by the microphone 
30. Thus, it determines an ingredient which is now cooked 
by a person and a cooking operation for this ingredient. 
Thereby, it calculates observation certainty factors which 
are a certainty factor for this ingredient and a certainty 
factor for this cooking operation. Herein, the processing 
for determining an ingredient and a cooking operation will 
be described in detail later, using the flow chart shown 
in Fig . 12 . 

In a step S13, using the ingredient and the cooking 
operation which are determined at the step S12 , the recognition 
processing section 110 creates a cooking flow which expresses 
the cooking procedure in which the person has so far performed 
the cooking from the beginning. 

In this case, such a cooking flow is created as shown 
in Fig. 11A. In this cooking flow, it can be seen that a 
potato, an onion and beef are used as its ingredients. Then, 
on these ingredients, a cooking operation is performed, such 
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as "cut", "fry" and "braise". Thereby, the cooking flow is 
created . 

In a step S14 shown in Fig. 8, the recognition processing 
section 110 multiplies the observation certainty factors 
of the cooking operation and the ingredient which have been 
obtained at the step S12 and the template certainty factor 
which is stored in the corresponding field that is stored 
in the feature-quantity template T4 . Thereby, it calculates 
a primary certainty factor (= template certainty factor X 
observation certainty factor) which is a certainty factor 
for each of the objects that make up the cooking flow. 

As a concrete example, in the cooking flow shown in 
Fig. 11A, a calculation is made for a primary certainty factor 
CI which corresponds to an object 01 and a primary certainty 
factor C2 which corresponds to an object 02 . 

Herein, for convenience, in the cooking flow shown 
in Fig. 11A, the object 01 is an apple, instead of a potato. 
In terms of the object 02, cutting is replacedby round slicing . 
Besides, in the feature-quantity template T4 shown in Fig. 
4, the template certainty factor of round slicing for an 
apple is set at Al . 

Then, at the step S12, let' s assume that the observation 
certainty factor of an apple is calculated as Bl and the 
observation certainty factor of round slicing is calculated 
as B2 . In that case, the primary certainty factor CI for 
the object Ol is calculated by C1=B1 X Al . The primary certainty 
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factor C2 for the object 02 is calculated by C2=B2XA1. 

In a step S15, the recognition processing section 110 
executes flow matching between the cooking flow which have 
been created at the step S13 and each cooking flow which 
is stored in the cooking- flow database 108 . Thus, it calculates 
a relevance factor that indicates which of the cooking flows 
stored in the cooking-flow database 108 is closest to a dish 
which is now prepared by a person. Herein, calculating a 
relevance factor by flow matching is disclosed in 
Publicly- known Document 1 described above. 

Fig. 11A is a diagram, showing flow matching and a 
cooking flow to be created. Fig. 11B is a diagram, showing 
flow matching and cooking flows which are stored in advance 
in the cooking-flow database 108. In the example of Fig. 
11B, a cooking flow Fl of braised beef and potatoes, a cooking 
flow F2 of curry, a cooking flow F3 of stir-fried vegetables 
and a cooking flow F4 of an omelet are stored beforehand 
in the cooking-flow database 108. 

With respect to the cooking flow shown in Fig. 11A, 
as the flow chart of Fig. 8 is repeated, an object will be 
completed upward from below. Herein, the cooking operations 
of "cut" for a potato, an onion and beef at the lowermost 
stage are not necessarily executed simultaneously. They are 
cooking operations which is first executed for each ingredient, 
and thus, these objects of "cut" are placed at the same stage. 

Then, the recognition processing section 110 calculates 
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a relevance factor of the cooking flow shown in Fig. 11A 
to each of the cooking flows Fl to F4 of braised beef and 
potatoes to an omelet shown in Fig. 11B. In the example of 
Fig. 11B, the relevance factors to the cooking flows Fl to 
F4 for braised beef and potatoes, curry, stir-fried vegetables 
and an omelet are calculated as 0.8, 0.7, 0.4 and 0.2, 
respectively. Then, the recognition processing section 110 
deletes the cooking flows F3 and F4 of stir-fried vegetables 
and an omelet whose relevance factors are below a predetermined 
value (e.g., 0.5), from the subject of matching in the next 
flow matching . In other words, in the following flow matching, 
no relevance factor is calculated to the cooking flows F3 
and F4 of stir-fried vegetables and an omelet. This helps 
speed up a flow-matching processing. 

In a step S16, based on the relevance factor of each 
primary certainty factor which has been calculated at the 
step S14 to each cooking flow which has been calculated at 
the step S15, the feature-quantity template creation section 
106 obtains a representative value (e.g., the average value) 
of the relevance factors. Then, it multiplies the 
representative value by each primary certainty factor to 
calculate a final certainty factor. Sequentially, it sets 
this final certainty factor as a new template certainty factor. 
Then, it writes it in the corresponding field of the 
feature-quantity template T4, so that the feature-quantity 
template T4 is updated. 
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The processing of the step S16 will be described, using 
the concrete example shown at the step S14. The primary 
certainty factors CI and C2 are multiplied by the representative 
value of braised beef and potatoes shown in Fig. 11B. Thereby, 
final certainty factors Dl and D2 are obtained. Then, the 
obtained final certainty factors Dl and D2 are written in 
the field of round slicing for a potato in the feature-quantity 
template T4, so that the feature-quantity template T4 is 
updated . 

In a step S17, the feature-quantity template creation 
section 106 multiplies each primary certainty factor which 
has been calculated at the step S14 by the relevance factor 
of each primary certainty factor to each cooking flow which 
has been calculated at the step S15. Thereby, a final certainty 
factor by cooking recipe is calculated. Then, it writes this 
final by-cooking- recipe certainty factor, as the template 
certainty factor, in the corresponding field of the 
corresponding by-cooking-recipe template. Consequently, the 
by-cooking-recipe template is updated. 

As a concrete example, let's describe braised beef 
and potatoes, using Figs. 11A and 11B. The relevance factor 
of braised beef and potatoes is calculated as 0.8. Then, 
the primary certainty factor which is included in each object 
of the cooking flow shown in Fig. 11A is multiplied by 0.8. 
Thereby, a final certainty factor is calculated. Next, the 
calculated final certainty factor is written in the field 
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of round slicing for a potato in the by-recipe feature-quantity 
template of braised beef and potatoes. Thereby, the by-recipe 
feature-quantity template of braised beef and potatoes is 
updated . 

In a step S18 shown in Fig. 8, the recognition processing 
section 110 refers to the updated feature-quantity template 
T4 and by-recipe template, so that the cooking recipe can 
be estimated. In addition, recognition can be given to the 
ingredient and cooking operation which correspond to the 
observation data that has been acquired by the sensing section 
200. In this case (YES at the step S18), the processing ends. 

On the other hand, at the step S18, if the cooking 
recipe cannot be estimated, and if the ingredient and the 
cooking operation cannot be recognized (NO at the step S18), 
the processing returns to the step Sll. Sequentially, the 
processing of the step S12 and its following steps is executed. 

Herein, if a template certainty factor which is stored 
in a field that has a by-recipe feature-quantity template 
or a feature-quantity template becomes greater by a certain 
value or beyond than a template certainty factor which is 
stored in another field, the recognition processing section 
110 recognizes the ingredient and cooking operation which 
correspond to this field as the ingredient and cooking operation 
which correspond to the observation data acquired by the 
sensing section 200. Besides, it recognizes, as a cooking 
recipe for a dish which is prepared at present by a person, 
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the cooking recipe which corresponds to the cooking flow 
in which the relevance factor which has been calculated at 
the step S15 is equal to, or more than, a certain value. 

As described above, the cooking flow shown in Fig. 
11A is gradually completed as the flow chart shown in Fig. 
8 is repeatedly executed. Therefore, the person is preparing 
a dish for any cooking recipe of the cooking recipes which 
are stored in the cooking-flow database 108, the cooking 
flow shown in Fig. 11A comes close to any cooking flow of 
the cooking flows which are stored in the cooking-flow database 
108. In other words, a specific cooking-flow relevance factor 
which is stored in the cooking-flow database 108 becomes 
greater than any other cooking-flow relevance factor. In 
line with this, a template certainty factor rises in a specific 
field of a by-recipe feature-quantity template for the cooking 
flow whose relevance factor has increased. Thereby, the 
ingredient and the cooking operation can be recognized. 

Fig. 12 is a graphical representation, showing the 
correlation between a node number of an observation flow 
and an edit distance. The vertical axis expresses an edit 
distance and the horizontal axis represents a node number 
of an observation flow. Herein, the observation flow indicates 
a cooking flow which is created according to observation 
data that is acquired by the sensing section 200. The node 
number of an observation flow expresses the number of objects 
shown in Fig. 11A. The edit distance is a numerical value 
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which indicates an approximation degree of an observation 
flow to a cooking flow. For example, let's assume that a 
person is now preparing braised beef and potatoes. The higher 
the relevance factor becomes of the cooking flow which has 
been created using the observation data acquired by the sensing 
section 200 to the cooking flow of braised beef and potatoes 
which is stored in the cooking-flow database 108, the smaller 
the value of an edit distance will be. 

Fig. 12 shows graphs of braised beef and potatoes, 
beef curry, beef curry 2, stir-fried vegetables and hamburger 
steak. It can be seen that in any graphs except that of hamburger 
steak, their edit distances are reduced as the node numbers 
goes up. Therefore, as the flow chart shown in Fig. 8 is 
repeated, the relevance factor increases to a specific cooking 
flow of the cooking flows which are stored in the cooking-flow 
database 108. As a result, the cooking recipe for the dish 
which is presently prepared by the person can be specified. 

Next, the processing for determining an ingredient 
and a cooking operation shown at the step S12 of Fig. 8 will 
be described in detail along the flow chart shown in Fig. 
13. The following processing is executed by the recognition 
processing section 110. First, in a step S21, background 
regions are removed from both images of an optical image 
which is photographed by the optical camera 10 and a thermal 
image which is photographed by the thermal camera 20. 

Herein, the background region of an optical image is 
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eliminated, using a known background difference processing. 
In terms of the thermal image of the i-th frame in a thermal 
image, using a median filter, a region i is extracted in 
which pixels whose temperature is lower than a predetermined 
value lie continuously at a certain size or beyond. Then, 
this region is set as an ingredient region. In terms of the 
thermal image of the i + lth frame, a region i + 1 is extracted 
in the same way. Then, the extracted region- is tracked so 
that an ingredient region is extracted. Thus, the region 
other than the ingredient regions is get rid of as the background 
region. Herein, if the distance by which the region i + 1 moves 
with respect to the region i is more than a predetermined 
value, the movement distance is too long. Thus, tracing the 
ingredient region is judged improper, so that the ingredient 
region is not extracted. 

Herein, in a thermal image and an optical image, their 
background regions are removed by setting the value of each 
pixel of the extracted background images to a predetermined 
low-gradation value (e.g., 0). Besides, for the ingredient 
region, a predetermined offset value is added to the value 
of the component pixels. 

In this case, the region other than a person's hands 
and an onion which are included in the optical image shown 
in Fig. 14A is displayed in black as shown in Fig. 14B. It 
can be seen that the background region is removed from the 
optical image. In addition, the region except an onion which 
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is included in the thermal image shown in Fig. 14C is displayed, 
as shown in Fig. 14D, blackishly as the background region. 
It can be seen that the background region is removed from 
the thermal image. 

In a step S22, both background images which has been 
extracted at the step S21 is subjected to an expansion 
processing. Thereafter, it undergoes a compression processing, 
so that noises, such as small holes or islands, are eliminated 
which are included in the background images. 

In a step S23, a coordinate transformation is executed 
so that the coordinate systems of a thermal image and an 
optical image can be placed together. In a step S24, the 
thermal image and the optical image whose background regions 
have been removed are multiplied together. Then, a region 
where pixel data which is greater than a predetermined value 
exists continuously by a fixed number of pieces (i.e., over 
a certain area) or above it is extracted as the ingredient 
region . 

In this case, the ingredient region is extracted, as 
shown in Fig. 14E. Herein, it can be seen that the background 
region shown in Fig. 14D includes more noises than the 
background region shown in Fig. 14B. Besides, it can also 
be seen that only the onion is extracted in Fig. 14D while 
the hands as well as the onion are extracted in Fig. 14B. 

Accordingly, by multiplying both images together, the 
value of a pixel which indicates a noise that appears only 
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in either image of a thermal image and an optical image becomes 
smaller and is removed. Consequently, the ingredient region 
can be more precisely extracted. 

In a step S25, the image which has been obtained by 
the multiplication at the step S24 is divided into each 
ingredient region . Herein, if a plurality of ingredient regions 
have been extracted at the step S24, a rectangular frame 
which has a slightly larger area than the area of each ingredient 
region is allocated to each ingredient region. Thereby, the 
above des cribed mult iplicat ion image is split into ingredient 
images . 

In a step S26, the template matching is executed of 
each ingredient image with a color-feature template (described 
later) , so that the ingredient which is expressed by each 
ingredient image can be specified. This color-feature template 
is given for every ingredient and is stored in advance in 
a memory (not shown) . 

Specifically, among the frames of a predetermined frame 
number ( FRAMEstartaf terCook) from the time when an ingredient 
first emerges in the optical camera 10 and the thermal camera 
20, an average value HbeforeCook of hue histograms and an 
average value SbeforeCook of saturation histograms are 
obtained in the ingredient region for each frame from the 
time when a person' s hand region comes into contact with 
the ingredient region until the time when it loses contact. 

In addition, if the hand region is kept out of contact 
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with the ingredient region in the frames whose number is 
equal to, or more than, a predetermined frame number 
( FRAMEendaf terCook) , then the decision is made that the cooking 
operation is completed. The cooking operation's end is judged 
in this way, thus helping prevent any wrong decision from 
being made, like judging the cooking operation completed 
when the cooking operation is just kept in a temporary operation 
blank . 

After the cooking operation has ended, in each frame 
of the rest among the frames of FRAMES tar tafterCook, the 
average value of hue histograms is obtained as HafterCook 
and the average value of saturation histograms is obtained 
as SafterCook. 

Herein, HbeforeCook is called the color feature of 
hue before a cooking operation; SbeforeCook is called the 
color feature of saturation before a cooking operation; 
HafterCook is called the color feature of hue after a cooking 
operation; and SafterCook is called the color feature of 
saturation after a cooking operation. Besides, HbeforeCook, 
SbeforeCook, HafterCook and SafterCook are all together called 
a color feature . 

Next, the color- feature template of hue before a cooking 
operation which is predetermined for each ingredient is 
expressed as Hbef ore ( food) ; the color- feature template of 
hue after a cooking operation is expressed as Haf ter (food) ; 
the color-feature template of saturation before a cooking 
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operation is expressed as Sbefore (food) ; and the color-feature 
template of saturation after a cooking operation is expressed 
as Safter (food) . A distance DbeforeHue (food) between the 
color-feature template of hue before a cooking operation 
and the color feature of hue before a cooking operation is 
obtained, using a formula (1) . Herein, the food in parentheses 
is an argument which indicates an ingredient. Herein, all 
of Hbef ore ( food) , Haf ter ( f ood) , Sbe for e ( food ) and 
Safter (food) are together called a color feature. 

DbeforeHue ( f ood) =root ( ( Hbef or eCook-Hbe fore (food) ) t (Hbef or 
eCook-Hbef ore (food) ) (1) 

In addition, a distance Dbef ore ( food ) between the 
color- feature template of saturation before a cooking 
operation and the color feature of saturation before a cooking 
operation is obtained, using a formula (2) . Herein, 
root ( ( A-B) t ( A-B) ) indicates the Euclidean distance between 
a vector A and a vector B. 

Dbef ore Sat ( f ood) =root ( ( Sbe foreCook- Sbe fore ( food) ) t (Sbe for 
eCook-Sbef ore ( food) ) ( 2 ) 

Then, by weighting and adding the distance of a hue 
before a cooking operation and the distance of a saturation 
before a cooking operation, the distance Dbe fore ( food) between 
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the color feature and the color- feature template of each 
ingredient before a cooking operation is obtained. This 
arithmetic expression is expressed using a formula (3) . 

Dbefore (food) =wDbeforeHue (food) + (1-w) DbeforeSat (food) (3) 

Similarly, Dafter(food) is calculated about the 
distance between the color feature and the color- feature 
template after a cooking operation. Then, by adding up 
Dbef ore ( food) and Dafter (food) , a color-feature change 
distance McolorCons t raint ( f ood ) is obtained. Herein, w 
denotes a weighting factor. 

McolorCons t raint (food) =Dbef ore ( food) +Daf ter (f ood) (4) 

Then, the color-feature change distance determines 
that the smallest ingredient is an ingredient which is given 
in an ingredient image. 

Lets' sum up the processing of the step S2 6 . For example, 
the sensing section 200 acquires ingredient data on an onion, 
a potato and a carrot. Then, in an ingredient image, if the 
color-feature change distances for the color- feature template 
of the onion, the color- feature template of the potato and 
the color- feature template of the carrot become higher in 
this order, then a decision is made that the ingredient region 
which is included in this ingredient image indicates the 
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carrot . 

Figs. 15A to 15C and Figs. 16A to 16C are graphical 
representations, each showing a change in the hue, saturation 
and region size of a green pepper and a pumpkin as time elapses . 
Figs. 15A and 16A each show the hue: Figs. 15B and 16B, the 
saturation; and Figs. 15C and 16C, the region size. Second 
designates a time (seconds) which passes after an ingredient 
emerges in an observation region. In terms of the hue and 
saturation, twelve levels of histograms are calculated, 
respectively. Then, they are plotted so that contour lines 
are obtained. The contour lines are shown by cutting out 
only the parts (where the hue is 0 to 5 and the saturation 
is 0 to 10) in which values are conspicuous. 

First, let's pay attention to the hue and the saturation. 
At the beginning, the histograms of the green pepper are 
similar to those of the pumpkin. Then, these ingredients 
are cut so that their inside colors appear. At this time, 
especially, the pumpkin' s color changes largely, which 
produces a clear difference between both. On the other hand, 
the green pepper is cut into thin pieces, thereby increasing 
the number of its surfaces which are displayed in the screen 
image, and making the size larger. In contrast, the pumpkin 
is roughly cut, so that its surfaces will not increase by 
so many numbers. Hence, it can be seen that its size remains 
unchanged . 

Figs. 17A to 17D are graphical representations , showing 
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histograms of the hue and saturation of an apple and a tomato 
before and after a cooking operation is executed. Fig. 17A 
shows a histogram of the hue before the cooking operation 
is executed; Fig. 17B shows a histogram of the saturation 
before the cooking operation is executed; Fig. 17C shows 
a histogram of the hue after the cooking operation is executed; 
and Fig. 17D shows a histogram of the saturation after the 
cooking operation is executed. In Figs. 17A to 17D, the solid 
lines indicate the apple and the dotted lines indicate the 
tomato . 

The apple and the tomato both have a red surface. Hence, 
as shown in Figs. 17A and 17B, it can be seen that the graph 
of the apple approximates to that of the tomato before the 
cooking operation. However, the apple whitens if it is peeled, 
while the tomato is left red if it is cut. Therefore, as 
shown in Figs. 17C and 17D, the graph of the apple is largely 
different from that of the tomato. In other words, if a red 
object turns into white after the cooking operation is executed, 
it can be said that this red object is closer to an apple 
than it is to a tomato. 

In addition, before a cooking operation, a tomato and 
a red pepper are both red and resemble each other in 
characteristics. However, let's assume that the tomato is 
cut into round slices , but it is not minced . If this information 
can be obtained from among cooking recipes, when a result 
is obtained like the fact that a red object has been minced, 
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such an ingredient can be highly likely estimated to be a 
red pepper. 

Next, a description will be given about why not an 
RGB colorimetric system but an HSV colorimetric system is 
used as the above described color feature . The RGB colorimetric 
system is a system in which various colors are reproduced 
using the three primary colors of light. In contrast, the 
HSV colorimetric system is said to be a colorimetric system 
in which human sensations are reproduced, though it is difficult 
to relate it to the physical quantities of light. Therefore, 
in an image recognition, the HSV colorimetric system has 
frequently been adopted. Besides, as the above described 
color feature, hue and saturation are used, not lightness. 
This is because without using lightness for mainly expressing 
the shadow of an object, the color (i.e., diffused reflection 
color) of the object itself can be picked up from hue and 
saturation . 

Next, advantages will be described which can be obtained 
if template matching using a color feature is adopted, instead 
of template matching using a shape feature. In general, in 
template matching, a shape feature such as a circular level, 
or a texture feature, is frequently used. However, a person 
usually touches an ingredient with the hands when cooking 
it. Hence, template matching using a shape feature cannot 
be used. 

In addition, the texture feature is for evaluating 
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the roughness, pattern or the like of the surface of an object, 
using an edge, a frequency or the like. Therefore, (1) A 
relatively-high resolution and a comparatively-wide 
observation range are necessary for obtaining a texture feature, 
but these cannot be easily secured. (2) A roughness appears 
as a shadow in an image, which depends upon how to apply 
light. Thus, it is difficult to constantly keep a uniform 
lighting environment in a practical environment. (3) Several 
ingredients each not necessarily have the same level of surface 
characteristics, even though their names are identical. The 
ingredients may be different in pattern or feel from each 
other, thus making poorer the reproducibility of a feature 
quantity. For these reasons , it is more desirable that template 
matching using a color feature be used than using a shape 
feature or a texture feature. 

In a step S27 shown in Fig. 13, a cooking operation 
is estimated using an environment sound which is acquired 
by the sensing section 200. Specifically, based on an 
environment sound, the number of knocks is counted which 
are produced when an ingredient is cut on a cutting board. 
Then, using formulas (5) to (7), the following distances 
are obtained: a distance Dcook (peel , cut ) which indicates 
how close a knock number cut is to peeling; a distance 
Dcook ( rect , cut ) which indicates how close the knock number 
cut is to fine cutting; and a distance Dcook ( chop , cut ) which 
indicates how close the knock number cut is to chopping which 



36 



P1589 

For Preliminary amendment 

includes round slicing and julienne cutting. Thereby, the 
cooking operation which corresponds to the shortest distance 
is determined as the cooking operation which is now performed 
by the person. 

Dcook (peel , cut ) = | cut-AVERAGEpeel | / a peel ( 5 ) 

Dcook ( chop , cut ) = | cut -AVE RAGE chop | / a chop ( 6 ) 

Dcook ( rect , cut ) = | cut-AVERAGErect | / a rect ( 7 ) 

Herein, AVERAGEpeel, AVERAGEchop and AVERAGErect are each 
the average value of experimental data which is obtained 
in an experiment that is conducted beforehand. Then, a peel, 
a chop and a rect are each the standard deviation of 
experimental data in an experiment that is made in advance. 

In a step S28, a combination of an ingredient and a 
cooking operation is extracted in the cooking recipes which 
arestoredinthe recipe database 101 . Then, a cooking-operation 
distance McookCons t raint ( f ood ) between each food and an 
ingredient in an image is obtained, using a formula (8) . 

McookConstraint (food) =min{ Dcook (act, cut) | COOK (act, food) =1 
} (8) 

Herein, if there is the combination of an ingredient 
and a cooking operation in the cooking recipes which are 
stored in the recipe database 101, COOK ( act , food ) is 1. On 
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the other hand, unless there is the combination of an ingredient 
and a cooking operation, COOK (act , food) is 0. In terms of 
McookConstraint (food) , min{A} denotes the minimum value of 
A in the formula (8) . Therefore, the minimum value of 
Dcook ( act , food) is McookConstraint ( food) . Then, food which 
is indicated by this McookConstraint ( food) is determined 
as the ingredient which is cooked by the person. 

Herein, the smaller the value of McookConstraint ( food) 
is, the more cooking operations which can be performed for 
the actual ingredient food are added and the more probably 
the ingredient can be precisely recognized. 

In a step S29, McookConstraint ( food ) and 
McolorCons t raint ( f ood ) which is obtained in the formula (4) 
are added together (in a formula (9)). Thereby, 
MConstraint ( f ood) is calculated. Then, 1-MCons traint ( f ood) 
is calculated as the certainty factor of the ingredient which 
has been determined at the step S28. 

MConstraint (food) =Mco lor Cons traint (food) -f-McookCons traint ( 
food) (9) 

In a step S30, the arithmetic of formulas (10) to (12) 
is executed. Among these formulas, the cooking operation 
which is indicated in the formula that has the minimum 
arithmetic result is determined as the cooking operation 
which is performed by the person. 



38 



P1589 

For Preliminary amendment 



MCook (peel, cut) =DCook (peel, cut ) XMINpeel (10) 
MCook (chop, cut) =DCook (peel, cut) XMINchop (11) 
MCook (peel, rect)=DCook (peel, cut) XMINrect (12) 

Herein, the following formulas are satisfied. 
MINpeel=min{ MConstraint (food) | COOK (peel, food)=l} 
MINchop=min {MConstraint (food) | COOK (chop, food) =1 } 
MINrect=min { MConstraint ( food) | COOK ( rect , food) =1 } 

In a step S31, among the arithmetic of formulas (10) 
to (12), the arithmetic value of the formula which has the 
minimum arithmetic outcome is subtracted from 1. Thereby, 
a certainty factor is calculated for the cooking operation 
which has been calculated at the step S30. 

As described so far, in this ingredient 
cooking-operation recognition system, a template certainty 
factor is stored in the feature-quantity template T4 itself. 
Hence, a definition can be given of how reliable an ingredient 
or a cooking operation which is acknowledged in each moment 
by a camera is. Besides, a primary certainty factor passes 
through the step of flow matching, and thereby, it becomes 
more certain gradually to turn into a final certainty factor. 
Consequently, a recognition result which is more reliable 
can be secured. 

Furthermore, in this ingredient cooking-operation 
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recognition system, a cooking recipe can be specified as 
the secondary effect. However, the greatest advantage 
according to this ingredient cooking-operation recognition 
system is to decide how reliable an ingredient or a cooking 
operation which is a subject in each moment by a camera, 
a microphone or the like is. 

As a result, a high-level interaction, which has been 
conventionally inadequate, can also be conducted in real 
time. In other words, in a system which recognizes a person's 
operation using various conventional sensors, there are the 
following disadvantages. As a matter of course, a limit lies 
to recognition by each type of sensor. Besides, taking costs 
into account, usable sensors are limited, and thus, their 
capabilities are also restricted. 

Under these constraints, if the certainty factor of 
a subject to be recognized is low, then any support is essential 
through the interaction with a user, mainly using a voice, 
together with an image or the like. It is important to prompt 
a user to confirm a menu, a cooking recipe, an ingredient 
and a cooking operation. By doing so, the above described 
sensor performance can be met, and this system's reliable 
relationship with a user can be strengthened and established. 

Specifically, in Fig. 11B, in terms of the recipes 
of "braised beef and potatoes'' and "curry" which each have 
a different relevance factor, it is unclear whether the object 
01 of Fig. 11A is for "braised beef and potatoes" which has 
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the greatest relevance factor. However, even in this case, 
by obtaining a certainty factor by multiplying a primary 
certainty factor by the relevance factor, a decision can 
be made whether or not either is more probable or both are 
probable . 

Using the interaction based on this decision result, 
it is possible to change a tone, for example, "What are you 
cooking now?", or "The recipe you are now conducting is for 
braised beef and potatoes (not for curry), aren't you?". 
Of course, if there is an ingredient or a cooking operation 
whose final certainty factor is an extremely high value, 
then as an interaction to a user, a piece of advice can be 
actively given, such as "In order to prepare tasty braised 
beef and potatoes, different from curry, you shouldn't braise 
it too long." On the other hand, if both final certainty 
factors are low, which is which cannot be determined. In 
that case, no interaction is offered, or an interaction is 
given which asks a user the very recipe. As a result of the 
above description, on the basis of the certainty factor 
according to the overall situation, an ingredient or a cooking 
operation can be recognized in each moment more precisely 
than any conventional such system. 

The present invention can be applied to the following 
aspects . 

(1) The display unit 40 shown in Fig. IB may also be 
a projector, an IH cooker, or a display unit which is embedded 
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in a cooking table. 

(2) In the above described embodiment, the thermal 
camera 20 is used, but this may also be replaced with a monocular 
infrared sensor. In that case, a temperature range is estimated 
in cooperation with the optical camera 10. Based on an area 
ratio, the difference between a high- temperature range and 
a low-temperature range can be recognized. In such a case, 
however, a person' s hands are hard to distinguish from another 
object. But whether or not there are a person's hands in 
a camera image can be sufficiently recognized. Hence, an 
image frame where a person' s hands lie in a camera image 
can also be neglected. 

(3) As the value of. a template certainty factor which 
is stored in the ingredient table, the cooked-food table 
and the cooking-operation table shown in Fig. 7, an 
image-processing certainty factor which is calculated in 
advance by a manufacturer or the like of this system may 
also be used. Besides, as a feature-quantity template, the 
one that is secured as this system is used may also be 
continuously used. Thereby, it can be considered that a user' s 
own reliable system is provided. 

(4) If the relevance factor shown in Fig. 11B is low 
(e.g., 0.5 or below) or unclear, a final certainty factor 
may also be assumed to be equal to a primary certainty factor. 

As described above, 

(1) An ingredient cooking-operation 
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recognition system comprises: a sensing means for acquiring 
observation data which includes at least either of an image 
around the hands of a person who performs a cooking operation 
and an environment sound that is produced by the cooking 
operation; a feature-quantity template in which various 
cooking operations that are predetermined for various 
ingredients are stored in a table form, together with a template 
certainty factor that is a certainty factor which is 
predetermined for each cooking operation of the ingredients; 
a cooking-flow creating means for, based on the observation 
data which is acquired by the sensing means, calculating 
an observation certainty factor which indicates the certainty 
factor of at least either of an ingredient • that is cooked 
by the person and the cooking operation of the ingredient, 
and based on this observation certainty factor, creating 
a cooking flow for a dish which is prepared by the person; 
a primary certainty-factor calculating means for, based on 
the template certainty factor and the observation certainty 
factor, calculating a primary certainty factor which is a 
certainty factor for each of objects that make up the cooking 
flow which is created by the cooking-flow creating means; 
and a cooking-operation recognizing means for calculating 
a final certainty factor based on the primary certainty factor 
which is calculated by the primary certainty-factor 
calculating means, updating the feature-quantity template 
by considering this final certainty factor as a new template 
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certainty factor, and based on this feature-quantity template, 
recognizing the ingredient and the cooking operation that 
correspond to the observation data which is acquired by the 
sensing means . 

According to this configuration, based on an image 
around the hands of a person who performs a cooking operation 
and an environment sound which is produced by the cooking 
operation which is acquired by the sensing means , an observation 
certainty factor is calculated of an ingredient which is 
cooked by the person and the cooking operation of this 
ingredient. Then, a cooking flow is created based on this 
observation certainty factor. Next, based on the template 
certainty factor and the observation certainty factor, a 
primary certainty factor is calculated for each of the objects 
that make up the cooking flow. Then, a final certainty factor 
is calculated based on primary certainty factor. Thereby, 
the ingredient of an image which is acquired by the sensing 
means and its cooking operation are recognized. In short, 
a cooking operation and an ingredient are recognized based 
on the feature-quantity template in which the template 
certainty factor is stored. This makes it possible to precisely 
estimate an ingredient and a cooking operation. 

(2) Furthermore, in the above described configuration, 
it is preferable that the ingredient cooking-operation 
recognition system further include: a cooking-flow database 
which stores cooking flows which are created in advance for 



44 



f t. 

P1589 

For Preliminary amendment 

various dishes; and a relevance-factor calculating means 
for, using flow matching, calculating a relevance factor 
that indicates which of the cooking flows that are stored 
in the cooking-flow database is closest to the cooking flow 
which is created by the cooking-flow creating means, the 
cooking-operation re cognizing means recognizing an ingredient 
and a cooking operation, based on the relevance factor which 
is calculated by the relevance- factor calculating means and 
the primary certainty factor. 

According to this configuration, a relevance factor 
is calculated between a cooking flow which is beforehand 
created for every dish and a cooking flow which is created 
based on observation data. Then, an ingredient and a cooking 
operation are recognized on the basis of this relevance factor 
and a primary certainty factor. This further heightens the 
precision of a recognition. 

(3) Moreover, in the above described configuration, 
preferably, the ingredient cooking-operation recognition 
system may further include: a table storing means for storing 
at least any one of: an ingredient table which is formed 
by an ingredient record that has a field where data that 
indicates an ingredient is stored and a field where various 
kinds of data on the ingredient are stored together with 
a template certainty factor that is predetermined for the 
data; a cooked-food table which is formed by a cooked-food 
record that has a field where data that indicates a cooking 
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operation is stored and a field where various kinds of data 
on a change in an ingredient by the cooking operation are 
stored together with a template certainty factor that is 
predetermined for the data; and a cooking-operation table 
which is formed by a cooking-operation record that has a 
field where data that indicates a cooking operation is stored 
and a field where various kinds of data on an environment 
sound that is produced by the cooking operation are stored 
together with a template certainty factor that is predetermined 
for the data; a cooking-recipe database which stores data 
that indicates an ingredient which is used for various cooking 
recipes and data that indicates a cooking operation for the 
ingredient; an extracting means for extracting all kinds 
of ingredients and all kinds of cooking operations which 
are stored in the cooking-recipe database; and a 
feature-quantity template creating means for creating, as 
a feature-quantity template, a table which includes, as items, 
each ingredient that is extracted by the extracting means 
and each cooking operation that is extracted by the extracting 
means, the feature-quantity template creating means writing, 
in an optional field of the fields which make up the 
feature-quantity template, as the template certainty factor, 
the greatest certainty factor of the template certainty factors 
which are stored in each field of at least any record of 
the ingredient record of the ingredient table that stores 
the data which indicates the ingredient that corresponds 
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to the optional field, the cooked-food record of the cooked-food 
table that stores the data which indicates the cooking operation 
that corresponds to the optional field and the 
cooking-operation record of the cooking-operation table that 
stores the data which indicates the cooking operation that 
corresponds to the optional field. 

According to this configuration, a feature-quantity 
template to which a template certainty factor is attached 
can be obtained. 

(4) In addition, in the above described configuration, 
it is preferable that: the sensing means have a thermal camera 
and an optical camera; and an image which is acquired by 
the sensing means include a thermal image which is photographed 
by the thermal camera and an optical image which is photographed 
by the optical camera. 

According to this configuration, an ingredient and 
a cooking operation are recognized, using an optical image 
and a thermal image. This further heightens the precision 
of a recognition. 

(5) Furthermore, in the above described configuration, 
it is preferable that the cooking-flow creating means: remove 
a background region from the optical image by executing a 
background difference processing on the optical image; remove, 
from the thermal image, as a background region, a region 
where the temperature is equal to, or higher than, a 
predetermined value; calculate an ingredient region which 
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indicates an ingredient by multiplying the thermal image 
whose background region is removed and the optical image 
whose background region is removed; and calculate an 
observation certainty factor based on this ingredient region. 

According to this configuration, the background region 
of an optical image is removed in a background difference 
processing. Thus, a background region is precisely removed 
from an optical image. In terms of a thermal image, the region 
where the temperature is equal to, or higher than, a 
predetermined value is removed as its background region. 
Hence, the temperature of an ingredient is considered to 
be lower than the temperature around it, and thus, background 
region is removed. Then, the optical image and thermal image 
whose background regions are removed are multiplied together. 
On the basis of the obtained image, the ingredient region 
is extracted. Therefore, the regions which are extracted 
as the ingredient region from both the optical image and 
the thermal image are regarded as the ingredient region. 
As a result, an ingredient region can be precisely extracted. 

(6) Moreover, in the above described configuration, 
preferably, the cooking-flow creating means may obtain a 
histogram of hue and a histogram of saturation from an image 
which is acquired by the sensing means, and should estimate 
an ingredient by obtaining a correlation between these 
histograms and a color-feature template which is predetermined 
for each ingredient . 
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According to this configuration, an ingredient is 
estimated on the basis of a histogram of hue, thereby helping 
extract the ingredient precisely . Specifically, an ingredient 
is frequently grasped by a person. This state of the person's 
hands makes it difficult to estimate the ingredient if template 
matching based on a shape feature is used for the ingredient 
region. However, according to the present invention, a 
histogram of hue is used, thus helping estimate an ingredient 
precisely . 

(7) In addition, in the above described configuration, 
it is preferable that: the relevance- factor calculating means 
estimate a cooking recipe based on a relevance factor; and 
a guidance means be further provided for giving, to the person, 
guidance on the cooking recipe which is estimated by the 
relevance- factor calculating means . 

According to this configuration, guidance is given 
on a cooking recipe for a dish which is now prepared by a 
person. This allows the person to prepare the dish in an 
appropriate cooking process which corresponds to the cooking 
recipe . 

(8) The computer-readable recording medium which is 
recorded with the ingredient cooking-operation recognition 
program, characterized by allowing a computer to function 
as: a sensing means for acquiring observation data which 
includes at least either of an image around the hands of 
a person who performs a cooking operation and an environment 
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sound that is produced by the cooking operation; a 
feature-quantity template in which various cooking operations 
that are predetermined for various ingredients are stored 
in a table form, together with a template certainty factor 
that is a certainty factor which is predetermined for each 
cooking operation of the ingredients; a cooking-flow creating 
means for, based on the observation data which is acquired 
by the sensing means, calculating an observation certainty 
factor which indicates the certainty factor of at least either 
of an ingredient that is cooked by the person and the cooking 
operation of the ingredient, and based on this observation 
certainty factor, creating a cooking flow for a dish which 
is prepared by the person; a primary certainty-factor 
calculating means for, based on the template certainty factor 
and the observation certainty factor, calculating a primary 
certainty factor which is a certainty factor for each of 
objects that make up the cooking flow which is created by 
the cooking-flow creating means; and a cooking-operation 
recognizing means for calculating a final certainty factor 
based on the primary certainty factor which is calculated 
by the primary ce r taint y- factor calculating means, updating 
the feature-quantity template by considering this final 
certainty factor as a new template certainty factor, and 
based on this feature-quantity template, recognizing the 
ingredient and the cooking operation that correspond to the 
observation data which is acquired by the sensing means. 
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Industrial Applicability 

The ingredient cooking-operation recognition system 
according to the present invention is capable of estimating 
a cooking recipe which is now performed by a person, and 
giving the person guidance on a proper cooking recipe. Therefore, 
it is useful as household cooking equipment. 
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